Gas Inventory

The U.S. Greenhouse



nternational Reporting

In 1992, under the United Nations Framework Convention on Climate Change
(UNFCCC), the United States, along with 185 other countries, agreed to develop and
submit a national inventory of anthropogenic greenhouse gas emissions and sinks.
To fulfill this obligation, each year the U.S. Environmental Protection Agency (EPA)
prepares the official Inventory of U.S. Greenhouse Gas Emissions and Sinks in
cooperation with the U.S. Department of State and other U.S. government agencies.

Under the direction of the Intergovernmental Panel on Climate Change (IPCC),
hundreds of scientists and national experts collaborated in developing a set of
methodologies and guidelines to help countries create inventories that are compa-
rable across international borders. The information presented in the Inventory of
U.S. Greenhouse Gas Emissions and Sinks is in full compliance with these IPCC
guidelines.

he U.S. Greenhouse Gas Inventory Program

The U.S. Environmental Protection Agency’s Clean Air Markets Division (CAMD) in the Office of Atmospheric Programs is responsible
for developing the annual Inventory of U.S. Greenhouse Gas Emissions and Sinks. EPA's Greenhouse Gas Inventory Program has
developed extensive technical expertise, internationally recognized analytical methodologies, and one of the most rigorous manage-
ment systems in the world for the estimation, documentation, and evaluation of greenhouse gas emissions and sinks for all source
categories. To accomplish its work, the Inventory Program collaborates with hundreds of experts representing more than a dozen
federal agencies, many academic institutions, industry associations, consultants, and environmental organizations. The Program
also works directly with industries and other government agencies to develop high quality emissions data and is supported by
CAMD'’s experience with the U.S. emissions trading programs and its network of continuous emission monitors for CO, on most

electric power plants in the United States.

hat is the Significance of Emission Inventories?

Greenhouse gas emission inventories are developed for a variety of reasons. Scientists
use inventories of natural and anthropogenic emissions as tools when developing
atmospheric models. Policy makers use inventories to develop strategies and policies
for emissions reductions and to track the progress of those policies. And, regulatory
agencies and corporations rely on inventories to establish compliance records with
allowable emission rates. Businesses, the public, and other interest groups use inven-
tories to better understand the sources and trends in emissions.

A well constructed inventory is consistently prepared, accurate, and thoroughly
documented. Inventories typically include the following information:

@ Chemical and physical identity of the pollutants

@ Types of activities that cause emissions

% Time period over which the emissions were estimated

% Geographic area covered

% Clear description of estimation methodologies used and data collected

The Inventory of U.S. Greenhouse Gas Emissions and Sinks provides important
information about greenhouse gases, quantifies how much of each gas was emitted
into the atmosphere, and describes some of the effects of these emissions on
the environment.
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Many chemical compounds found in the earth’s atmosphere act as greenhouse gases,
trapping outgoing terrestrial radiation and warming the earth’s atmosphere. Some
emissions of greenhouse gases occur naturally, while others result from human
activities. Carbon dioxide, methane, nitrous oxide, and ozone are greenhouse
gases that have both natural and human-related emission sources. In addition,
humans have created other greenhouse gases, such as hydrofluorocarbons (HFCs),
perfluorocarbons (PFCs), and sulfur hexafluoride (SF).

The global warming potential (GWP) of a greenhouse gas is the ratio of global
warming, or radiative forcing, from the emission of one unit mass of a greenhouse
gas to that of one unit mass of carbon dioxide over a specified time horizon.
Calculation of GWPs is based on the lifetime of the gas and how efficiently it
traps heat in the atmosphere. See the Inventory Fast Facts data card for a table
of GWP values.

The Inventory of U.S. Greenhouse Gas Emissions and Sinks is a cata-
log of anthropogenic, or human-generated, greenhouse gas emissions
in the United States. Carbon dioxide can also be sequestered (i.e.,
stored) in “sinks” that result from forestry and other land-use prac-

tices. Excluding all naturally occurring greenhouse gas emissions and

o ‘T‘E sinks, the Inventory provides a detailed record of all emissions and
= sinks directly attributable to human activities. It does not address
(o)) . .. .
2 naturally occurring emissions or sinks.
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The gases covered in the
U.S. Inventory include:

In nature, carbon is cycled between various atmospheric,
oceanic, biotic, and mineral reservoirs. In the atmosphere,
carbon mainly exists in its oxidized form as CO,. Carbon
dioxide is released into the atmosphere primarily as a

result of the burning of fossil fuels (oil, natural gas, and
coal) for power generation and in transportation. It is also
emitted through various industrial processes, forest clear-
ing, natural gas flaring, and biomass burning. And, some
carbon is sequestered in forest and agricultural soils.

Methane is produced primarily through anaerobic
decomposition of organic matter in biological systems.
Specifically, methane is emitted as a result of the
decomposition of organic wastes in municipal solid
waste landfills and from agricultural and biological
processes related to wetland rice cultivation, livestock
digestion, and waste production. Methane emissions
also occur during the production and distribution of fossil
fuels such as coal, natural gas, and petroleum. Methane’s
overall contribution to global warming is significant
because it is estimated to be more than 20 times as
effective at trapping heat in the atmosphere than CO».

The microbial processes of nitrification and denitrification
naturally produce nitrous oxide in soils. Anthropogenic
additions of nitrogen to soils during agricultural soil
management activities increase the amount of N,O
emitted to the atmosphere. Nitrous oxide is also emitted
during industrial production activities, solid waste com-
bustion, and fossil fuel combustion. Nitrous oxide is
approximately 300 times more powerful than CO, at
trapping heat in the atmosphere.

Hydrofluorocarbons (HFCs), perfluorocarbons (PFCs),
and sulfur hexafluoride (SFg) are powerful greenhouse
gases. HFCs are primarily used as replacements for
ozone-depleting substances, but also are emitted as a
by-product of the HCFC-22 manufacturing process.
PFCs and SFg are emitted by a variety of industrial
processes including aluminum smelting, electric power
transmission and distribution, magnesium processing,
and semiconductor manufacturing. Currently, HFCs,
PFCs, and SFg have a relatively small aggregate radia-
tive forcing impact; however, because some of them
have long atmospheric lifetimes, their concentrations
can irreversibly accumulate in the atmosphere.

Emissions of greenhouse gases result from many of the
industrial, transportation, agricultural, and other activities that
take place in the United States. The following is a description
of the various sectors that emit greenhouse gases.

Historically, energy-related activities have accounted for more than three-quarters
of GWP-weighted greenhouse gas emissions. Most of these are carbon dioxide
emissions; however, some emissions of methane and nitrous oxide also result
from stationary and mobile combustion. Almost all emissions from the energy
sector result from fossil fuel combustion, which includes the burning of coal,
natural gas, and petroleum. Fossil fuel combustion from stationary sources, such
as electricity generation, represents more than half of energy-related emissions,
while combustion of fossil fuels by mobile sources, such as automobiles, rep-
resents approximately one-third. In addition to fossil fuel combustion-related
activities, carbon dioxide is also emitted as a result of natural gas flaring and
biomass burning, and
methane is emitted
through coal mining
as well as the pro-
duction, processing,
transmission, and dis-
tribution of natural gas

and petroleum.

Industrial processes emit greenhouse gases as a by-product of various non-
energy related industrial activities. Manufacture of cement, lime, soda ash,
iron, steel, aluminum, ammonia, titanium dioxide, and ferroalloys produces
carbon dioxide as a by-product. The consumption of limestone, dolomite, and
carbon dioxide as raw materials in industrial applications also releases carbon
dioxide emissions. The production of petrochemicals and silicon carbide result
in small amounts of methane emissions, while producing nitric and adipic acid
generates nitrous oxide emissions. Emissions of HFCs, PFCs, and SF are
particularly important as substitutes for ozone-depleting substances such as
chlorofluorocarbons (CFCs). These gases may also be emitted as a result of
aluminum and HCFC-22 production, semiconductor manufacturing, electrical

transmission and distribution, and magnesium production and processing.



Agriculture

Agricultural activities contribute directly to emissions of methane and nitrous
oxide. The majority of nitrous oxide emissions occur because cropping and
fertilizer practices increase the quantity of reactive nitrogen in the soils. This
occurs through application of commercial fertilizers, livestock manure, and sewage
sludge; production of nitrogen-fixing crops and forages; retention of crop residues

on the field; and the cultivation of soils high in organic matter. These activities

w:2ke more nitrogen available for the generation of nitrous oxide through micro-
bial acivity. The normal digestive processes in ruminant livestock (known as
enteric feri.nentation) account for the largest portion of methane emissions. The
agriculture scctor also emits methane and nitrous oxide from managed and
uuinnanaged minure, rice cultivation, and the burning of agricultural residues.

Land-Use Change and Forestry

The natural carbon fluxes between biomass, soils, and the
atmosphere change when humans alter the terrestrial biosphere
through land-use, changes in land-use, and forest management
practices. Various forest, agricultural soil, and land management
practices can result in the uptake (i.e., sequestration) or emission
of carbon dioxide. If these activities result in a net removal of
carbon dioxide (versus net emission), they can offset a portion
of total greenhouse gas emissions each year. Forestlands con-
tribute the most to the net uptake of carbon dioxide, followed

by agricultural soils.

Waste

Waste management and treatment activities are another source of greenhouse gas
emissions in the United States. Landfills are the nation’s largest source of anthro-

pogenic methane emissions. Wastewater treatment systems, including human

sewage treatment, are sources of methane and nitrous oxide emissions.



To download a free copy of the current edition of

the Inventory, to download emissions data, or for
more information, visit our Web site at
www.epa.gov/globalwarming/publications/emissions
or contact:

U.S. Greenhouse Gas Inventory Program
ghginventory@epa.gov

To order a free copy of the current edition of the Inventory, order online at

hitp://yosemite.epa.gov/ncepihom/nsCatalog.nsf/SearchPubs or call (800) 490-9198.

Other Useful Links

U.S. EPA's Global Warming site
www.epa.gov/globalwarming

Intergovernmental Panel on Climate Change Web site
www.ipcc.ch

United Nations Framework Convention on Climate Change Web site
www.unfccc.de

<EPA

United States
Environmental Protection
Agency

EPA 430-F-02-008 April 2002
Office of Air and Radiation (6204N)
Washington, DC 20460
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The U.S. Inventory of Greenhouse
‘Gas Emissions and Sinks:

U.S. Greenhouse Gas Emissions and Sinks (Tg CO, Equivalents) Change from
1990 to 2003
Gas/Source 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
co, 5009.6 : 49693 @ 50620 @ 51774 @ 5268.0 :@ 53194 : 5500.2 : 5580.0 : 5607.2 : 5678.0 : 58582 : 5744.8 @ 5796.8 @ 58415 8320 : 16.6%
Fossil Fuel Combustion 47117 ¢ 46811 ¢ 47766 © 48920 : 49631 : 50092 : 51949 : 52632 : 52787 : 53459 : 55451 : 54480 : 55014 @ 55516 839.8 17.8%
Non-Energy Use of Fuels 1080 : 1083 : 1049 : 1058 : 1178 : 1155 : 1140 : 1203 : 1354 © 1416 :© 1247 : 1201 : 1188 : 1180 100 93%
Iron and Steel Production 854 . 762 . 750 . 699 . 736 . 744 . 683 . 719 . 674 . 644 . 657 . 589 . 551 . 538 Gl @Y%
Cement Manufacture 333 0 325 0 328 ¢ 346 © 361 i 368 i 371 i 383 i 392 i 400 i 412 P 414 429 i 430 98 © 29.3%
Waste Combustion 109 ¢ 120 ¢ 127 ¢ 135 ¢ 142 ¢ 157 ¢ 172 % 178 1 A7 ¢ 176 ¢ 180 i 188 i 188 i 188 79 i 720%
Ammonia Production & Urea Application 193 1 192 1 200 ¢ 204 ¢ 211 ¢ 205 23 F 207 2149 ¢ 206 ¢ 196 i 167 i 186 i 156 B7 i (194)%
Lime Manufacture 112 1.0 1.4 16 121 ¢ 128 135 13.7 139 ¢ 135 133 128 123 13.0 17 15.5%
Natural Gas Flaring 58 59 53 68 69 90 85 79 66 69 58 61 62 6.0 02 | 28%
Limestone & Dolomite Use 55 ¢ 50 49 49 55 ¢ 74 78 72 74 81 ¢ 60 : 57 ¢ 59 47 08) : (1410)%
Aluminum Production 6.3 : 64 : 6.3 : 58 : B 58 56 : 56 : 58 59 : B7 41 42 42 @1) © (332%
Soda Ash Manufacture & Consumption 41 40 41 40 40 43 42 44 43 42 42 41 41 41 1) (4%
Petrochemical Production 22 29 24 26 : 27 28 28 29 30 31 30 ¢ 28 29 2.8 06 251%
Titanium Dioxide Production 13 ¢ 13 ¢ 15 ¢ 16 ¢ 17 17 17 18 ¢ 18 ¢ 19 ¢ 19 ¢ 19 ¢ 20 ¢ 20 07 ©  539%
Phosphoric Acid Production 15 14 15 13 ¢ 15 15 16 15 16 15 14 13 13 1.4 0.1) (9.6)%
Ferroalloys 20 18 18 17 18 19 20 20 20 20 17 13 12 14 06) = (30.6)%
Carbon Dioxide Consumption 09 09 : 08 08 : 08 : 08 : 08 : 08 : 09 : 08 : 10 08 : 10 13 04 i 473%
Land-Use Change & Forestry (Sink)? (1,042.0) (7 051.3) ¢ (9736) (7 0357) 1 (9402) i (905.0) i (9127) i (930.0) i (881.0) i (826.1) : (8224) i (826.9) i (826.5) i (828.0)) 2140 ¢ (205)%
International Bunker Fuels® 1135 § 1199 ¢ 1097 i 998 i 977 i 1007 i 1023 i 1099 i 1146 i 1053 i 1014 i 979 i 895 i 842 (293 i (258)%
Biomass Combustion” 21067 ¢ 2176 ¢ 2281 i 2223 ¢ 2313 1 2419 2443 2332 2172 i 2223 1 2268 : 2005 i 2072 : 2168 01 i 01%
CH, 6053 : 607.0 : 6081 : 5987 : 6041 : 601.3 : 5898 : 5795 : 5601 : 557.3 . 5542 @ 5468 . 5425 : 545.0 (60.4) : (10.0)%
Landfills 1722 1728 4726 ¢ 721 ¢ 1691 1624 1556 1474 . 1385 . 1340 © 1307 . 1262 . 1268 . 1312 @1 o (238)%
Natural Gas Systems 1283 ¢ 1300 @ 1297 i 1332 ¢ 1339 © 1333 : 1345 . 1336 : 1318 : 1274 - 1321 i 1318 i 1306 @ 1259 24 - (19%
Enteric Fermentation 179 © 1171 ¢ 1194 ¢ 1188 ¢ 1204 ¢ 1230 1205 1183 © 1167 i 1168 i 1156 : 1145 © 1146 : 1150 29 ¢ (24%
Coal Mining 819 ¢ 790 : 771 652 : 651 : 658 : 632 : 626 i 628 : 589 i 562 i 556 : 524 : 538 (81) i (343)%
Manure Management 312 0 331 . 320 0 328 . 353 . 361 . 347 364 388 388 . 381 . 389 . 393 . 391 80 ©  255%
Wastewater Treatment 248 © 258 1 269 277 i 289 299 307 i 37 . 326 336 343 347 : 358 . 368 119 1 480%
Petroleum Systems 200 22 196 191 ° 189 © 188 © 187 188 : 185 i 178 1 176 = A74 i 71 . A7d 29 ©  (143)%
Rice Cultivation 71 70 79 70 82 76 70 75 79 83 75 76 68 : 6.9 02 ©  (32%
Stationary Sources 78 80 : 83 ¢ 78 78 82 84 : 74 69 : 71 73 ¢ 67 : 64 : 6.7 (1) & (146)%
Abandoned Coal Mines 61 : 62 : 66 : 70 ¢ 83 : 84 : 86 : 81 : 72 ¢ 73 ¢ 77 ¢ 69 : 6.4 : 6.4 04 6.1%
Mobile Sources 48 47 47 46 45 44 42 40 ¢ 39 ¢ 36 ¢ 34 31 29 27 @1 (438)%
Petrochemical Production 12 12 19 14 15 15 16 16 17 17 17 14 15 15 03 | 30.0%
Iron and Steel Production 13 12 12 13 13 13 13 13 12 12 12 11 10 1.0 03) ©  (224)%
Agricultural Residue Burning 07 06 : 08 : 06 : 08 : 07 : 08 : 08 : 08 : 08 : 08 : 08 : 07 : 038 01 i 152%
Silicon Carbide Production + + + + + + + + + + + + + + 00 : (66.7)%
International Bunker Fuels® 02 : 02 : 02 : 01 : 01 : 01 : 01 : 01 ¢ 02 : 01 : 01 : 01 : 01 : 0.1 01  @481)%
N,0 3820 = 3792 . 3666 = 3858 3812 . 3912 4162 3963 . 4078 = 3821 . 4019 . 3858 = 3805 . 3767 (52 (14%
Agricultural Soil Management 2530 © 2476 2332 1 2476 © 2383 2447 © 2673 © 2520 : 2677 2434 2639 : 2571 2526 : 2535 05 & 02%
Mobile Sources 437 0 460 0 489 © 511 0 526 . 537 . 546 . 552 © 553 © 546 532 . 490 . 456 @ 421 an . (38%
Manure Management 163 ¢ 168 ¢ 165 ¢ 170 ¢ 170 ¢ 1741 i 170 ¢ 473 1 A74 ¢ A74 ¢ 178 ¢ 180 ¢ 179 i 175 13 0 78%
Human Sewage 130§ 134 ¢ 136 ¢ 138 ¢ 143 1 142 i 144 ¢ 147 i 150 i 154 i 156 i 156 i 157 i 159 29 1 21.9%
Nitric Acid 178 0 178 ¢ 183 . 186 . 196 : 199 i 207 i 212 209 . 201 . 196 : 159 : 172 158 20 1 (11.2%
Stationary Sources 123 122 124 126 128 129 135 135 134 135 140 135 135 13.8 16 12.9%
Settlements Remaining Settlements 55 56 : 5.7 59 : 6.1 : 59 : 6.1 : 6.1 : 6.1 : 6.2 : 6.0 : 58 6.0 : 6.0 05 8.7%
Adipic Acid 152 0 148 ¢ 131 ¢ 140 ¢ 150 ¢ 172 ¢ 170 ¢ 103 60 i 55 60 : 49 59 . 60 (92 (605)%
N,0 Product Usage 43 42 39 45 45 45 45 : 48 48 48 48 48 48 : 48 05 : 108%
Waste Combustion 04 : 03 : 04 : 04 : 04 : 04 : 04 : 04 : 03 : 03 : 04 04 : 05 ¢ 05 00 ©  98%
Agricultural Residue Burning 04 04 04 03 05 : 04 04 04 05 04 05 05 04 : 0.4 01 & 184%
Forest Land Remaining Forest Land 01 : 01 : 01 : 01 : 01 : 02 : 02 : 03 : 04 : 05 : 04 : 04 : 04 : 0.4 03 : 556.3%
International Bunker Fuels® 1.0 1.0 : 09 : 09 : 09 : 09 : 09 : 1.0 : 1.0 : 09 : 09 : 09 : 08 : 0.8 02) (19.9%
HFCs, PFCs, and SFg 912 : 829 : 848 : 889 : 896 955 1150 : 121.7 : 1357 : 1348 : 1389 @ 1295 @ 1383 i 137.0 458 = 50.2%
Substitution of Ozone Depleting Substances 04 : 08 : 21 48 98 : 244 351 46.5 : 56.6 : 65.8 : 75.0 : 83.3 : 915 99.5 991  :24,888.8%
Electrical Transmission & Distribution 292 ¢ 278 ¢ 252 ¢ 295 ¢ 268 ¢ 217 i 243 0 27 i A7T1 i 164 ¢ 156 ¢ 154 1 147§ 141 s i G1.)%
HCFC-22 Production 350 i 308 ¢ 349 i 318 i 316 i 270 i 31 i 300 401 i 304 i 298 i 198 i 198 i 123 (226) ©  (64.7)%
Semiconductor Manufacture 29 29 29 36 : 40 50 : 55 : 6.3 : 7l 2 6.3 : 45 44 43 14 49.3%
Aluminum Production 183 0 155 0 143 0 137 1 121 % 118 ¢ 125 ¢ 110 91 90 i 90 i 40 i 52 i 38 (145) © (79.3)%
Magnesium Production & Processing 54 ¢ 51 ¢ 54 ¢ 55 ¢ 54 56 65 : 63 : 58 6.0 : 32 ¢ 26 26 3.0 (24) +  (448)%
Total 6,088.1 : 6,038.4 : 61215 : 6250.8 : 63431 @ 6407.4 : 6,621.2 : 66775 : 67197 : 6,752.2 : 6,953.2 : 6,806.9 : 6,858.1 : 6,900.2 8121 : 133%
Net Emission (Sources & Sinks) 50461 : 49871 : 5147.9 @ 52151 : 54028 . 55023 : 57085 : 57475 : 58388 : 59261 : 6,130.8 : 59801 : 6,031.6 : 6,072.2 10261 ©  20.3%
+ Does not exceed 0.05 Tg CO, Eq. Notes: Totals may not sum due to independent rounding. Emissions weighted
2 Sinks are only included in net emissions total. using GWP values from IPCC Second Assessment Report (1996) in keeping
b These emissions are not included in totals. with UNFCCC reporting guidelines.
1990-2003 Trends Annual Percent Change in U.S. GHG Emissions
* Total GHG emissions rose 13 percent since 1990 b9 3.3%
) : ) 3.0%
(decreasing 0.8 percent since 2000) S )1
« Dominant gas emitted was CO,, mostly from fossil fuel combustion R P 15%
- 1% 1 = 09% 06% (5 08%  0.6%
» Methane emissions decreased by 10 percent 0 <
* Nitrous oxide emissions decreased by 1 percent 15| e
» HFC, PFC, and SF; emissions have grown by 50 percent 2% i
-3%- — N [ar) < Yol [{=) ~ [o=) D o — [aN] [sr)
5 8 8 8 8 88 8 28§ § §
U.S. GHG Emissions by Gas
BHFCs, PFCs, & SF; M Methane
8,000 1 Nitrous Oxide Garbon Dioxide Emissions Allocated to Economic Sector
_ 6953 6,807 6,858 6900
7.000 6088 603 6121 6,251 6,343 6407 6,621 @ 8720 :52 = ﬁ = 2500 ~ Electricity Generation
6,000 1 - B R | 2,000 -_/—/_/v i
u;i— 5,000 _- - - [ | [ - ~ Transportation
; 4,000 - g‘ 1500 Industry
o
3,000 £ 1,000 ~ Agriculture
2,000 - /
N e e B W WV W= Commercial
1,000 1 Residential
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The U.S. Inventory of Greenhouse Gas Emissions and Sinks:

€0, Emissions Fuel Combusted x Carbon Content Coefficient

Global Warming Potentials from Fossil Fuel . g
(100 Year Timge Horizon) Combustion X fractloq L 2) ‘
m Global Warming Potential (GWP) is defined as May include adjustments for carbon stored in fossil fuel-based products,
) _— . emissions from international bunker fuels, or emissions from territories.
the cumulative radiative forcing effects of a gas
Carbon dioxide (CO,) 1 1 over a specified time horizon resulting from the
Methane (CH,)* 21 23 emission of a unit mass of gas relative to a Carbon Intensity of Different Fuel Types
Nitrous oxide (N,0) 310 296 reference gas. The GWP-weighted emissions of . : . o
HFC-125 2,800 3400 are presented in terms of equivalent emissions e 2b {’25 g : gth e tual p ot 0y, N p
HFC-134a 1,300 1,300 of carbon dioxide (CO,), using units of teragrams as about 25 percent less carbon than coal, and natural gas about 45 percent less.
HFC-143a 3,800 4,300 of carbon dioxide equivalents (Tg CO, Eq.).
HFC-152a 140 120 N
HFG-227¢a 2900 3500 C°"‘T'erf'?"9' B
HFC-236fa 6300 9400 g = 0] = 0 it
HFC-4310mee 1300 1500 = 1 million metric tons Convertin . i i .
» , g Various Physical Units to Energy Units
N oolo - ST e e e L The values in the following table provid ion factors from physical units t
CFs 9.200 11,900 the molecular weight of oxygen is 16: there- . . g table provide conversion factors from physical units to energy
CFo 7,000 8,600 fore, the molecular weight of CO, is 44 (i.e., 3qfuw;1lfent un|t§fand from energy un|t§ to carbon contents. These factors can be used as
CoF 7.400 9,000 124 [16x2]), as compared to 12 for carbon efault factors, if local data are not available.
SFg 23,900 22,200 alone. Thus, carbon comprises 12/441s of
a [PCC Second Assessment Report (1996) carbon dioxide by weight.
b IPCC Third Assessment Report (2001) Conversion Factors to Energy Units (Heat Equivalents)

Conversion from gigagrams of gas to teragrams

o . Heat Contents and Carbon Content Coefficients of Various Fuel Types
of carbon dioxide equivalents:

* The methane GWP includes the direct effects
and those indirect effects due to the production of

tropospheric 0zone and stratospheric water vapor. Carbon Content Coefficients Fraction
Thg .ingirect ittt G (o (e pPoduction i CODZ B & Ty Fuel Type _Heat Content (Tg Carhon/QBtu) Oxidized
not included. Tg €O, Eq,:(m as>x (Gwp)x<_> Solid Fuels (Milion Btu/Short Ton)
Note: GWP values from the /PCC Second g 1,000 Gg Anthracite Coal 22.51 28.26 0.99
Assessment Report are used in accordance with Bituminous Coal 23.89 25.49 0.99
UNFCCC guidelines. Sub-bituminous Coal 17.14 26.48 0.99
Lignite 12.87 26.30 0.99
Coke 24.80 31.00 0.99
Unspecified 25.00 25.34 0.99
Guide to Metric Unit Prefixes Siianis (Btw/Cublc Foot)
Natural Gas 1,028 14.47 0.995
Atto (a) 1078 .000000000000000001 IélrﬂgledOF”uels (Million ? t;éBa"el) 2023 0.99
Femto () o :000000000000001 Nat Gas Liquids and LRGs 374 16.99 0.995
Pico (p) 10 000000000001 Motor Gasoline 5.21 19.34 0.99
ms; (8 ) 182 000328331 Aviation Gasoline 5.05 18.87 0.99
Mill (m) 109 ' 001 Kerosene 5.67 19.72 0.99
Centi (c) 10?2 o1 J§1 fuel 5.67 19.33 0.99
Deci (d) 10 1 Distillate Fuel 5.83 19.95 0.99
Deca (da) 10 1 Residual Oil 6.29 21.49 0.99
Hecto () 0 :80 Naptha for Petrofeed 5.25 18.14 0.99
Kilo (K) 100 1.000 Petroleu.m Coke 6.02 27.85 0.99
Mega (M) 106 1’000 000 Other Qil for Petrofeed 5.83 19.95 0.99
} SN Special Napthas 5.25 19.86 0.99
Giga (©) 1 1,000,000,000 Lubricants 6.07 2024 0.99
Tera (T) 1012 1,000,000,000,000 Waes 554 19,81 0.99
Peta (P) 1 1,000,000,000,000,000 Asphalt/Road Ol 6.64 20,62 0.99
Exa (E) 1018 1,000,000,000,000,000,000 Still Gas 6.00 1751 0.99
Misc. Products 5.80 20.23 0.99
Unit Conversions Note: For fuels with annually variable heat contents and carbon content coefficients, 2003 U.S. average values
are presented. All factors are presented in gross calorific values (GCV) (i.e., higher heating values).
[ ] 1 pound = 0.454 kilograms = 16 ounces
G kogam = 2205pounds = 3520ouces
| 1 short ton = 0.9072 metric tons = 2,000 pounds
I 1 metric ton = 1.1023 short tons = 1,000 kilograms i )
T fobicfoot = 0.02832cubicmeters = 283168 fiters Density Conversions
[ Vcubicmeter = 35315cubicfeet = 1000fers Methane (Natural Gas) Tcubicmeter = 35.32cubicfest =  0.676 kilograms
| 1 U.S. gallon = 3.78541 liters = 0.03175 barrels = 0.02381 barrels petroleum Carbon dioxide 1 cubic meter _ 35.32 cubic feet = 1.854 kilograms
| 1 liter = 0.2642 U.S. gallons = 0.0084 barrels = 0.0063 barrels petroleum Natural gas liquids 1 metric ton _ 11.60 barrels _ 1,844.20 liters
] 1 barrel = 31.5U.S. gallons = 119 liters = 0.75 barrels petroleum Unfinished oils 1 metric ton _ 7.46 barrels _ 1,186.04 liters
N 1 barel petroleun = 42US. gallons = TOGMEIS Alcohol Tmetricton = 794barrels = 1,262.36 liters
. 1 foot = 0.3048 meters = 12 inches Liquefied petroleum gas 1 metric ton = 11.60 barrels = 1,844.20 liters
R imetr  =328feet  =3937inches Aviation gasoline 1 metric ton = 8.90 barrels = 1,415.00 liters
M 1 mile = 1.609 kilometers = 5.260 feet Naphtha jet fuel Imeticton = 827barels = 131482 liters
B ifometer = 06214mies  =328084fet Kerosene jet fuel 1 metric ton = 7.93 barrels = 126072 liters
. 1square mile = 2.500 square kilometers = 640 acres Motor gasoline Tmetricton = 853barrels = 1,356.16 liters
1 square kilometer = 0.386 square miles = 100 hectares Kerosene 1 metric ton = 7.73 barrels = 1,228.97 liters
. . 1acre = 43560 square feet = (0.4047 hectares = 4,047 square meters Naphtha 1 metric ton — 8.22 barrels _ 1,306.87 liters
Distillate 1 metric ton = 7.46 barrels = 1,186.04 liters
Residual oil 1 metric ton = 6.66 barrels = 1,058.85 liters
E . Lubricants 1 metric ton = 7.06 barrels = 1,122.45 liters
nergy coanrSIODS 2.388x10" calories Bitumen 1 metric ton = 6.06 barrels = 963.46 liters
The common energy unit used in 170 = 23.88 metric tons of crude oil equivalent Waxes 1 metric ton = 7.87 barrels = 1,251.23 liters
|nternat.|0n.a| rePO”S ‘?f greenhpuse I 9.478x108 Btu Petroleum coke 1 metric ton = 5.51 barrels = 876.02 liters
gashemlssmns S t.hedlome' Ajoule 277,800 kilowatt-hours Petrochemical feedstocks 1 metric ton = 7.46 barrels = 1,186.04 liters
l)sbteite(;]:ggr{]gfgru\;\gih iﬁen;g:/ceeagf ) Special naphtha 1 metric ton = 8.53 barrels = 1,356.16 liters
J ] " Energy Units Miscellaneous products 1 metric ton = 8.00 barrels = 1,271.90 liters
one Newton. A terajoule (TJ) isone gy British thermal unit 1 Blu
trillion (10'2) joules. A British thermal VBt Thousand Btu 110 Bt Note: Gas densities are at room temperature and pressure.
unit (Btu, the customary U.S. energy  wmBu Million Bt 1x108 Btu
unit) is the quantity of heat required  ppyy Billion Btu 1109 Btu For more information on calculating CO, .
K; raise the te;nperatuFre r?f one pound 7y Tillion Biu 1x102 Bty emissions per kiWh, download eGRID a: P/ WWw.epa.gov/cleanenergy/egrid
of water one degree Fahrenheit at or illi 15 .
near 39.2 Fahrenheit. o ulion B paoree For other related information, see: http:// www.erfa.gov/ globalwarming
http://unfccc.int

Source for all data: U.S. Inventory of Greenhouse Gas Emissions and Sinks 71990-2003 (EPA 2005)


http://www.epa.gov/globalwarming/publications/emissions



